genetic variation for the desired traits in the germplasm. Wild safflower species are important source of genes to enrich the cultivated safflower gene pool with desirable traits. Wild safflower species are highly crossable with C. tinctorius L. and it is possible to improve new varieties that are tolerant to biotic and abiotic stress factors (Peng et al., 2008; Sabzalian et al., 2009; Majidi et al., 2011; Mayerhofer et al., 2011) . Although safflowers are fully self-pollinated plants, environmental factors may affect the self-pollination rate (Kadam and Patankar, 1942; Claassen, 1950; Boch, 1961; Eckert, 1962; Butler et al., 1966; Levin and Butler, 1966; Rubis et al., 1966; Levin et al., 1967; Knowles, 1969; Pandey and Kumari, 2008; Baloch et al., 2010) . Previous investigations reveal that Carthamus tinctorius can artificially and naturally hybridize with several wild relatives (Kadam and Patankar, 1942; Claassen, 1950; Ashri and Knowles, 1960; Ashri and Efron, 1964; Ashri and Rudich, 1965; Imrie and Knowles, 1970; Khidir and Knowles, 1970, Estilai and Knowles, 1976; Estilai, 1977; Heaton and Klisiewicz, 1981; McPherson et al., 2004; Majidi et al., 2011) .
The usage of chemical constituents as taxonomical markers is an ongoing question. There are many chemosystematic investigations on Asteraceae, mostly using flavonoids as taxonomic markers (Payne, 1976; Alvarenga et al., 2001; Emerenciano et al., 2001; Stuppner, 2001a, 2001b; Valant-Vetschera et al., 2001 , Zidorn et al., 2002 Zidorn, 2006 Zidorn, , 2008 Sareedenchai and Zidorn, 2010; Enke et al., 2012) . Chemotaxonomical studies on fatty acid compositions of leaves (Mongrand et al., 2005) and on seed oil (Bagci et al., 2003) of various taxa are present as well.
In this investigation we aimed to find out the seed oil features of wild Carthamus species for improving the quality of cultivated safflower oil in future breeding programs. Another purpose was to discuss whether the seed oil compositions and amounts could be used as a taxonomical character by comparing with the molecular and morphological data in different Carthamus species from Turkey.
Materials and methods

Sampling and field experiments
Our research included all wild Carthamus species growing in Turkey. Seeds collected from 71 different locations in Turkey were the materials in our investigation: C. dentatus accessions were collected from 30 localities, C. lanatus from 30 localities, C. glaucus from 6 localities, C. persicus from 2 localities, and C. tenuis from 3 localities ( Table 1) . The abbreviations used for the wild safflower species were as follows: C. dentatus (CD), C. lanatus (CL), C. glaucus (CG), and C. persicus (CP). The species were identified by the second author. The identification key given in Tarıkahya Hacıoğlu et al. (2014) was used for this purpose. The herbarium material was deposited in IZ (Aegean Agricultural Research Institute Herbarium).
Field experiments were conducted in İkizce, Ankara (Central Research Institute for Field Crops research fields, 39°57ʹ20.39ʺN, 32°48ʹ53.00ʺE). All wild Carthamus species and the five cultivars were sown in March 2014, on a well-prepared seedbed, using an augmented test design. The plots were of eleven rows; each was 6 m in length, with 30 cm between plants within a row and 60 cm between rows. All plots were treated identically and weeds were cleared manually. The total precipitation was 444.2 mm during the growth season of 2013-2014, and the lowest and highest temperatures were -8.4 °C in February and 36.9 °C in August. The test field used for the research consisted of well-drained, deep or medium deep, slightly rocky or rockless, and loamy-clayey soils located on plains or near plain inclinations. The soil pH was 8.06, the salt ratio was 0.041%, the organic matter was 1.57%, and the lime ratio was 2.65%.
Extraction and gas chromatography
The oil content and composition were determined in the laboratories of the Central Research Institute for Field Crops of the Ministry of Food, Agriculture and Livestock (MoFAL). For extraction, derivatization and GC analysis, we followed the method given in Gölükcü et al. (2016) with some modifications. The seeds were thoroughly ground and then weighed (5 g) and the oil was extracted with petroleum ether in a Soxhlet extractor (Soxtherm 2000 automatic extractor) for oil measurements. Recovered crude oils were placed in a drying oven for petroleum ether evaporation at 35-40 °C for 3 h. After cooling in a desiccator, crude oils of all accessions were weighed on precision scales. The seed oil content was reported as mass percent (crude oil weight (g)/ground seeds weight × 100). For the determination of fatty acid compositions, oil (0.1 g) was dissolved in 10 mL of n-hexane and 0.5 mL of methanolic KOH solution (2 N) was added; the mixture was incubated for 30 min; thus fatty acids were esterified as methyl esters and placed in a Shimadzu AOC-20i automatic injector (split ratio 1:100) and then analyzed on a Shimadzu GC-2010 (Japan) GC system equipped with Teknokroma capillary column (100 m × 0.25 mm and 0.2 µm) and FID detector. Helium was used as carrier gas at a flow rate of 0.94 mL/min. Injector and detector temperature were 250 °C. Column temperature was programmed as follows: 140 °C for 5 min, increase 4 °C/min, and 240 °C for 20 min. FAMEs were identified by comparison of their retention times with those of reference standards (Restek FAME Mix 37).
Statistical analysis
Standard one-way analyses of variance were performed for each trait, using the JMP statistical software package Standardized trait mean values were used to perform the cluster analyses (CA) using NTSYS-pc (Rohlf, 2004) . CA was conducted based on Euclidean distances and applying the unweighted pair group method with arithmetic mean (UPGMA).
Results
Four main fatty acids (stearic, palmitic, oleic, and linoleic acids) were identified in the wild relative species of safflower. All investigated safflower accessions were linoleic type. Docosahexaenoic acid (C22:6), pentadecanoic acid (C15:0), arachidic acid (C20:0), linolenic acid (C18:3), nervonic acid (C24:1), lignoceric acid (C24:0), behenic acid (C22:0), myristic acid (C14:0), and eicosenoic acid (C20:1) were less than 1% of the total fatty acid content. In all five species, variation was low in oil content and linoleic acid among different accessions. In addition, the average oil contents for C. lanatus, C. dentatus, C. persicus, C. glaucus, and C. tenuis ranged between 10.5% and 20.4%. The linoleic, oleic, palmitic, and stearic acid amounts were 58.8%-82.6%, 7.3%-22.8%, 4.8%-8.8%, and 1.8%-4.9%, respectively (Table 2 ). In our research, five saturated (palmitic acid, stearic acid, arachidic acid, behenic acid, and lignoceric acid) and three unsaturated (oleic acid, linoleic acid, and docosahexaenoic acid) fatty acids were identified. The mean percentages of saturated fatty acids in C. lanatus, C. dentatus, C. persicus, C. glaucus, and C. tenuis were 10.1%, 10.5%, 9.8%, 11.2%, and 12.0% and the percentages of unsaturated fatty acids were 89.0%, 87.8%, 88.9%, 88.0%, and 87.2% of the total fatty acids, respectively. In all five species, linoleic acid had negative correlations with oleic and stearic acids; stearic acid had a positive correlation with oleic acid (Figure 1 ). According to the biplot diagram, 86.1% of the total variation was explained (Figure 1) . The first four eigenvalues were 2.28, 1.16, 0.44, and 0.11. Among all accessions, CL4 consisted the highest stearic and palmitic acid content; CL2, CD14, and CP2 consisted the highest oleic acid content; and CD8, CL18, and CG1 consisted the highest linoleic acid content (Figure 2 ). The fatty acid contents of the rest of the accessions were close to mean values. For taxonomic evaluation, mean values for all determined seed fatty acids were used. The dendrogram (Figure 3 ) created by UPGMA grouped C. lanatus and C. dentatus as the closest relatives. These two combined with C. glaucus, C. tenuis, C. persicus, and C. tinctorius.
Discussion
The cultivated safflower seed oil content are 11%-47% (Weiss, 1983; Knowles, 1989; De Haro et al., 1991; Dajue et al., 1993; Fernandez-Martinez et al., 1993; Koutroubas et al., 2009; Rudra Naik et al., 2010; Yeilaghi et al., 2012; Agrawal et al., 2013; Fernández-Cuesta et al., 2014) . According to our results, oil content in wild species of safflower was lower (10.5%-20.4%) than that of cultivated safflowers. The thick seed crust in the wild species could cause the low oil content values. Our research is not the first on the seed oils of the wild relatives of safflower: Knowles and Ashri (1958) reported the seed oil content in C. lanatus and C. baeticus as 16%-20% and 16%-21%, respectively; Carapetian and Zarei (2005) reported the seed oil content in C. oxyacantha, C. dentatus, and C. turkestanicus as 22.4%, 22.2%, and 24.23%, respectively. Sabzalian et al. (2008) analyzed the seed oil and fatty acid compositions of six safflower genotypes and 19 accessions of two wild species of safflower. The oil content was 29.2%-34.0%, 20.0%-30.8%, and 15.3%-20.8% in C. tinctorius, C. oxyacantha, and C. lanatus, respectively.
Carapetian and Zarei (2005) analyzed three wild safflower species: C. oxyacantha, C. dentatus, and C. turkestanicus. The oleic and linoleic acid ratios were as follows: C. oxyacantha 15.7% and 78.4%; C. dentatus 21.1% and 72.4%; C. turkestanicus 11.2% and 83.4%. Murthy and Anjani (2007) investigated the seed oil compositions of seven Carthamus species (C. oxyacantha, C. tinctorius, C. palaestinus, C. glaucus, C. creticus, C. lanatus, and C. turkesthanicus) collected from Pakistan. In their investigation the fatty acid ratios of oleic acid and linoleic acid were 11.3%-23.4% and 61.4%-82.1%, respectively. The oleic acid in seed oil of C. tinctorius, C. oxyacantha, and C. lanatus genotypes was 12. 2%-15.4%, 14.1%-19.3%, and 16.7%-19.8% and linoleic acid ranged between 71.1%-76.1%, 63.9%-75.4%, and 62.5%-71.1%, respectively (Sabzalian et al., 2008) . According to Hamdan and Fernández-Martínez (2008) , as reported from Knowles (1989) , Hill (1964), and Fernández-Martínez et al. (1993) , the amount of linoleic acid generally accounts for 70%-80%; however, high oleic varieties (the oleic acid amount ranging from 35% to 91%) have also been described. Carthamus lanatus and C. dentatus were investigated in the mentioned previous works and revealed results similar to our findings. Our research is the first to investigate all wild relatives of safflower naturally growing in Turkey.
The results of our study and previous works show that wild safflower species do not contain high oleic acid. All wild Carthamus accessions investigated in our study were linoleic type; therefore, CD8, CG1, and CL18 accessions could be potential gene sources for linoleic type safflower breeding purposes in order to gain some other desired properties. CD8, CG1, and CL18 accessions belonging to three different species (C. dentatus, C. lanatus, C. glaucus) all grow at low altitudes (86-328 m). Nazari et al. (2017) planted 27 genotypes belonging to C. tinctorius, C. palaestinus, C. oxyacanthus, C. lanatus, and C. glaucus under normal and drought-stress conditions for 2 years. According to the results of this research, similar and stable responses for fatty acid composition were gathered in all investigated species. Therefore, the similarity in fatty acid profiles and almost the same pattern of changes under drought stress showed that the wild species, especially the crossable ones, are good candidates to be used in breeding of cultivated safflower.
The CA dendrogram ( Figure 3 ) was created by UPGMA for the infrageneric taxonomic treatment of Carthamus species with mean fatty acid ratios. According to the dendrogram, C. lanatus and C. dentatus grouped as the closest relatives, which had the biggest achenes according to Tarıkahya Hacıoğlu et al. (2012) . These two species combined with C. glaucus, C. tenuis, C. persicus, and C. tinctorius in the dendrogram. The recent phylogeny inference based on the nuclear polymorphism of the internal transcribed spacer (ITS) region was performed by Mihoub et al. (2017) , but only C. lanatus and C. tinctorius were included in the phylogram. Our previous work consisted of all five Carthamus species that naturally grow in Turkey (Tarıkahya Hacıoğlu et al., 2014) . According to the phylogeny tree constructed with ITS data (Tarıkahya Hacıoğlu et al., 2014) , Carthamus tinctorius was the closest relative of C. persicus as in our recent results. The only conflict with the phylogeny tree was the position of C. tenuis, which formed a cluster with C. dentatus in the ITS phylogeny tree. C. tenuis grouped with C. glaucus, C. dentatus, and C. lanatus in the dendrogram based on fatty acid compositions. Our dendrogram grouped the species of the genus Carthamus under the section Atractylis and the species of the section Carthamus linked to this group as former classifications of Carthamus species (Vilatersana et al., 2000 (Vilatersana et al., , 2005 Bowles et al., 2010) .
Due to the low oil content of wild safflower accessions, crossing with wild relatives for an increase in oil content in breeding programs is an unlikely scenario. However, oil content and fatty acid composition are not the only breeding criteria for seed oil plants; drought tolerance, insect resistance, and many other reasons could be the purpose of the breeding. Wild relatives of the safflower in Turkey are all linoleic type. Three accessions, namely CD8, CG1, and CL18, could be potential gene sources for linoleic type safflower breeding purposes. For the taxonomic treatment, the fatty acid composition of investigated Carthamus species gave a clue for sectional classification, while it was not compatible with the ITS phylogeny tree in detail.
